In this article, we consider, based on the super-diamagnetic model, the new problems of Saturn's rings discovered by Cassini, such as: 1) anomalous purity of water ice; 2) Saturn's magnetic field alignment with the planet's rotation axis; 3) "ring rain" of the submicron particles; 4) the deviation in the qualitative composition of the "rain" from the composition of the rings; 5) "dirt" concentrated in the ring gaps; 6) "plateaus" in Saturn's C ring; 7) age of the rings; 8) roll-off in the spectrum of Saturn's rings, and 9) "propellers" in Saturn's A ring. Interpretation of Cassini's observations of spectral roll-off in Saturn's rings in the wavelength range from 100 micrometers to 0.5 mm is given. It was concluded that the substance of the rings could be in the superconducting state. An explanation of the Cassini spectral data is given using the hypothesis of the existence of a superconducting energy gap in the substance of rings.
Introduction
Cassini's research added new puzzles [1] [2] [3] to long-standing problems [4] [5] [6] [7] [8] and, at the same time, reinforced the super-diamagnetic model of Saturn's rings (Table 1) . Due to the fact that each problem of Saturn's rings was explained by a few separate models or hadn't explanation at all [9] , we chose an approach that would set a single reason for a dozen known problems. We assumed that such a common cause could be the superconducting state of matter in the rings of Saturn. Then, the numerous phenomena, properties, and effects of superconductors entered into battle with the problems and puzzles of Saturn's Table 1 . Possible solutions of the problems of Saturn's rings based on a super-diamagnetic model.
Problems regarding Saturn's rings
Saturn's ring problems explained through superconducting effects 1) Anomalous purity of water ice (99.9 %) Superconductivity of ice in Saturn's rings [13] , Meissner-Ochsenfeld effect [14] 2) The existence of a temperature boundary beyond the asteroid belt, where the planets may have rings Superconducting transition temperature (T c )
3) Great flattening of the rings system. Sharp edges and rings discontinuities. Arcs
The phenomenon of expulsion of the superconductors out of the areas with greater density of magnetic flow [15] 4) Fine periodical structure of the Saturn's rings, density waves
The phenomenon of the formation of a periodic structure in a super-diamagnetic liquid film under the influence of normally oriented magnetic field 5) "Ring rain" of the submicron particles Disappearance of the super-diamagnetic properties of superconducting particles at a greater depth than London's penetration depth of the magnetic field (50 -500 nm) The electric field appears due to the movement of the superconducting fluid within the magnetic field 10) Color differentiation of Saturn's rings in a small scale Dependence of the force of magnetic levitation from the volume of superconducting phase in the bulk matter (observed in experiment) 11) Phenomenon of anomalous inversion of reflection of the radio waves with the circular polarization (λ ≥ 1 cm) Positive charge of the superconducting carriers (protons) [17] 12) Possible distribution of particles by size in Saturn's rings in the radial direction
Dependence of magnetic separation of the superconducting particles by size, and also, strength, extension, and the range of the applied magnetic field [18] 13) The existence of an atmosphere of molecular oxygen around the rings of Saturn
Magnetic levitation of gas molecules due to diamagnetic expulsion forces induced in superconducting particles by molecular magnetic moments (observed in experiment). Flux pinning [19] 14) Saturn's magnetic field alignment with the planet's rotation axis (<0.06˚) London moment [20] 15) Increasing the purity of the ice in the radial direction from Saturn
The dependence of the force of expulsion of a superconductor from a magnetic field on the volume of the super conducting phase (observed in experiment) 
Super-Diamagnetic Model of Saturn's Rings
We have compiled a list of problems for Saturn's rings and a list of effects, properties, and phenomena for superconductors, and then found a match between each of them. This resulted in the super-diamagnetic model of Saturn's rings ( Table 1 ).
The problems of Saturn's rings with numbers 2 -13, 22 of Table 1 were considered by us in a previous article [10] . The problems with numbers 1, 14 -21
will be discussed in this article.
Discussion of the New Problems Discovered by Cassini
The 
Anomalous Purity of Water Ice in Saturn's rings
The fact that the rings are extremely pure ice (99.9%) remains the number one mystery. According to popular opinion, the reason for such purity may be that they are very young; otherwise they should darken with age due to accumulated dust. The speed of darkening may depend on the influx of dust, and on the total mass and internal dynamics of the rings [12] . The super-diamagnetic model adds a new factor: self-cleaning of the rings due to the Meissner-Ochsenfeld effect and the London penetration depth of the magnetic field. Due to the fact that icy particles are possibly superconducting, they exhibit super-diamagnetism and the Meissner-Ochsenfeld effect. This allows them to remain in their Kepler orbits, while impurities, as well as ice particles with sizes smaller than 1 micron, cease to interact with the magnetic field of the planet and rush to the planet.
Such a mechanism may explain the predominance of water ice in the rings of Saturn. The tilt is much smaller than 0.06 degrees-which is the lower limit of the spacecraft's magnetometer. The core of Saturn probably consists of metallic hydrogen and is superconducting. In accordance with the London moment, a rotating superconductor generates a magnetic field whose axis exactly coincides with the axis of rotation.
Saturn's Magnetic Field Alignment with the Planet's Rotation Axis

"Rain" of the Submicron Particles
The ring rain that Cassini's Ion Neutral Mass Spectrometer caught falling from Saturn's rings into its atmosphere is only about 24 percent water. This is-a major surprise-given that Saturn's ring system is almost entirely water ice. The rest of the ring rain is composed of organic material and other molecules.
The explanation for this is the loss of super-diamagnetism by superconducting ice particles with a size of less than 1 micron, which corresponds to the doubled London depth of penetration of the magnetic field into the superconductor. Ice particles that have lost super-diamagnetism, nevertheless, retain their diamagnetism, which causes them to move along magnetic field lines.
The Deviation in the Qualitative Composition of the Rain from the Composition of the Rings
Ring rain is highly contaminated with organic matter and other molecules. Water constituted only about 24 percent of the material tumbling from Saturn's ring system into its atmosphere; the rest is methane, carbon monoxide, dinitrogen, ammonia, carbon dioxide and fragments of organic nanoparticles. Remote observations show that Saturn's ring system, on the whole, is almost entirely water ice. Why is ring rain so deprived of water? It turns out that the rain that falls out of rings consisting of 99.9% water ice contains 76% of pollutants. What kind of mechanism is responsible for this filtration? We believe it to be the simultaneous action of three quantum effects: the Meissner-Ochsenfeld effect, flux pinning for icy particles larger than 1 micron, and the penetration of a magnetic field into a superconductor to the London depth for icy particles smaller or equal to 1 micron. At the same time, the above-mentioned effects do not affect the pollutants.
"Dirt" Concentrated in the Rings Gaps
The presence of dirt in the gaps of the rings is explained within the framework of the super-diamagnetic model by the magnetic field condensing in the gaps due to expulsion of the magnetic field from the rings, where superconducting ice particles are located, and also, due to the paramagnetic properties of cosmic dust, which tend to the concentrations of the magnetic field.
"Plateaus" in Saturn's C Ring
The bright areas inside the rings, where a large number of particles are concen- 
Age of the Rings
Estimation of the age of Saturn's rings using a super-diamagnetic model does 
Cassini CIRS Data Interpretation
Cassini Composite Infrared Spectrometer (CIRS) spatially resolved Saturn's main rings in the far-infrared, measuring the spectrum from 20 to 400 wavenumbers (cm roll-off in temperature measured by CIRS is principally due to material properties of the ring particles that change dramatically in this region [28] . Lack of laboratory data in the far infrared region below 100 cm −1 for water ice analogs of Saturn's rings still hamper the interpretation and understanding of the spectral roll-off observed by the Cassini CIRS instrument [29] .
Superconducting Energy Gap
To prove that a substance is a superconductor, it is necessary to measure its energy gap. Cassini CIRS received data in a submillimeter range could be used for the purpose of measuring an energy gap. If the energy of the infrared radiation is above a certain threshold value, the superconductors absorb radiation very effectively, but if it is below the threshold value then they do not. This is very good evidence that the carriers in a superconductor behave as if they do have an energy gap. The idea of a Cooper pair offers a way of understanding this. Since the pairs are bound, it takes a certain amount of energy, called binding energy, to break the pairs up and this leads to what is known as the superconducting gap. In a superconductor, nothing will happen until an amount of energy equal to the binding energy is supplied. And, once that gap has been bridged, then that energy can be absorbed. This effect can be measured by looking at the way in which superconductors reflect electromagnetic waves; if the waves have an energy (determined by their frequency) which is smaller than the gap energy, the waves are not absorbed and reflect straight back from the superconductor; however, as soon as the energy is large enough, superconducting pairs can be broken apart and energy is absorbed [30] .
Ice provides a good example of electrical conduction by proton transfer [31] .
Protons, and not just electrons, can travel unobstructed through superconductors. As protons are much heavier than electrons, the pairing of protons is less 
Interpretation of Cassini CIRS Spectral Roll-Off
The super-diamagnetic model of Saturn's rings offers an interpretation for Cassini CIRS observations of a roll-off in Saturn's ring spectra at submillimeter wavelengths. The observed roll-off in the spectrum of the rings is possibly related to the superconducting state of ice. In this case, the thermal conductivity of ice decreases, because charge carriers no longer interact with the lattice and cannot exchange energy, and therefore, they cannot transfer heat from one part of ice to another [32] . The steepness in the curve in Figure 1 
where k B is Boltzmann constant.
"Propellers" in Saturn's a Ring
The propellers are gaps in the ring material which were created by a moonlets.
These moonlets are smaller than known moons but larger than the particles making up Saturn's rings. It is estimated that these moonlets could number in the millions.
The reason for this phenomenon may be a gyromagnetic effect which takes place when a magnetic field is applied to a superconducting body (moonlet).
Then superconductor acquires an angular moment in direction opposite to the applied field and it starts to spin spontaneously. Due to the London moment, a rotating superconductor (moonlet) generates its own magnetic field, which in turn, moves superconducting particles apart, forming double-armed propeller structures.
Conclusions
The interpretation of Cassini data is particularly relevant now after the recent For example, conclusions from the presented work can be extended to the rings of other objects of the Solar System such as the rings of Jupiter, Uranus, Neptune, minor planets and centaurs Chariklo and Charon, and possible ring system around Rhea, which at least partially composed of water ice and possibly other superconducting substances. As a result, it can also be argued that Chariklo, Charon and Rhea have their own magnetic fields.
